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DESCRIPTION 

INFOKMATION ACQUISITION METHOD, INFORMATION PRESENTING 
METHOD, AND INFORMATION ACQUISITION SYSTEM 

5 Technical Field 

The present invention relates to a technology for predicting a travel destination 
fron, the travel history while storing users' travel history, and acquiring infonnation 
relating to the predicted travel destination through a network or the like, using infonnatton 
ecuipment capable of sensing position infonnation. such as a car navigation systenr. a 

10 portable phone, a PDA, and the like. 

Background Art 

Through widespread use of the Internet, various sorts of infomration floods around 
our environment. Users who utilize infonnation equipment can access infonnation to be 
15 retrieved by inputting a keyword to the infonnation equipment. It is much arduous for 
users to input by themselves a keyword connected direeUy to information to be retrieved 
every tune when infonnation is desired. For example, inputting a keyword to a tcnnmal 
such as a mobile phone on the move and setting a car navigation system on the move by 
n^eans of an automobile are taxing and may be dangerous operation under certam 
20 circumstances. For this reason, many users of car navigation systems drive without 

setting any destination. 

AS one of countenneasures for tackling this problem, a method has been provided 
in which infonnation that a user might desire is acquired and presented in advance by 

predicting user' s behavior. 
25 Tbere has been proposed, for example, an mfonnation system boarded on a car in 

conditions such as date in a tenninal boarded on the car; upon detection of star, of user's 
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engine fl.e «ave, history is retrieved using conditions such as the current position, the date, 
ar^d the UKe as Keys, the destination where the user has been with the .ost highest 
„in the past and necessary tinte that has been required for reaching the desunation 

i„ .he past are referenced; and then, the destination and the necessary tinte are displayed to 
5 the user automatically (Patent Document 1). 

Further a information presenting method has been proposed in which gwen 
.ehavior of a user carrying an infonnation terminal is divided by units of travel behavtor 
^d stopping (halt) behavior; information on an appearance frequency, contents of 
behavior immediately before and immediately after the appearance, and the like for the 
,0 given behavior are grouped and stored in a server as a travel history; a user who sadsftes a 
condition specified by a service provider (for example, staying around Kyoto station at the 
between 9 a.m. and 2 p.m. on Sunday) is found by behavior prediction from the 
History information; and then, commercial information is provided to the thus found user 



(Paten Document 2) 
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(Patent Document 1) Japanese Patent Application Laid Open Publication No. 

11-149596A (particularly, FIG. 1) 

(Patent Document 2) Japanese Patent AppHcation Laid Open Publication No. 

2000-293 540A (particularly, Fig. 1) 



20 Problems that the Invention is to Solve 

The aforementioned conventionai techniques, however, htvolve the foUowmg 

problems. 

First the results of destination prediction depend on selection of eondmons 
(specification of date; date and starting time; data, time, and weather; and so on), and it can 
25 be inferred that the necessary conditions may differ depending on the starting point. In 
this connection, appropriate selection of a condition for retrieval is indeed important for 
bringing the prediction to success. However, neither Patent Document 1 nor 2 refers to 
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this point of view. 

Furfter, in Patent Document 1. the history database used for retrieval stores 
combinations of starting points and target destinations merely chronologically. This 
increases high calculation cos. for database retrieval, artd it takes Much time until a 
5 prediction result is obtained from a start of the operation at engine initiation. Moreover, 
the necessary time is calculated by referencing only the past travel record, taldng no 
account of the current traffic state, resultirrg in inaccurate calculation. The history 
database does not store user's travel route, so that a route that the user might takes camrot 
be predicted. Therefore, even if the current traffic state and/or road information can be 
1 0 referenced, useful information such as road irtformation relating to the route cannot be 
presented to the user. In addition, it is rare that a target dcsfination can be specified upon 
finding of a starting point while it is usual that prediction can be established only after the 
route information including the starting point is found as the car runs about. 

Also, in Patent Document 2, travel behavior that comtects the same starting point 
15 and the same destination is stored as one group regardless of difference in route thereof, 
and therefore, accurate route prediction can not be performed when a plurality of routes are 
present. Further, only the relationship between the preceding and following behavior is 
stored, so that four or more succeeding user's behavior cannot be reproduced, resulting in 
incomplete prediction. Moreover, it is difficult to select an appropriate condition, which a 
20 service provider or a user must set for prediction, for highly accurate prediction. 

The present invention has been made in view of the above problems and has its 
objective of, in tite technology for predicting a user's travel destination from a travel 
history and acquiring infomration relating to the predicted destination, increasing accuracy 
of the destination prediction compared with the conventional one. 

25 

Summary of the Invention 

The present invention provides, as an information acquisition method for acquiring 



info— relating .o a destination of a n>obi.e body, a method including a first step of 

information of the mobile body; a seeond step of determining, as a condition for retrreval. a 

5 performing retrieval on the travel history under the condition for retrieval and predrctrng 
one or more travel destinations or routes where the mobile body will advance, .hereby 
information relating to the predicted travel destmations or routes is acquired. 

,n the present invention, the kind and the category of a key for retrieval from the 
accumulated travel history are determined as a condition for retrieval, and a travel 
,0 destination or a t^vel route where the mobile body will advance is predicted based on the 
.esult of the retrieval under the condition for retrieval. Herein, the kind of a key includes 
time date, weather, a driver, a fellow passenger, and the like. Also, the category herem 
means a segment or a range of a key. and various categories of various ranges for groupmg 
nray be thought in the sense of abstract level. For example, "morning." "time between 6 
15 am arrd 10 a.m.." "time between 8 a.m. and 9:30 a.m." may be though for time "8:30 
a m •• Further, referring to date. "Friday" may be grouped in a category "weekday" or a 
category "weekend". Similarly, it is though that, for example, the weather may be 
categorized into "fine weather," "precipitation possibility of less than 40%." and the like, 
and drivers and fellow passengers may be categorized into "user of Satos." "person at age 
20 of exc^ding 25," "father." and the like. In this way. the prediction after detemrination of 
a condition for retrieval at retrieval from the travel history leads to more accurate 
prediction than conventional one. resulting in acquisition of appropriate information. 

Further, the present invention provides, as an information presenting method for 
presenting information relating to a destination of a mobile body, a method including a 
25 first step of acquiring relating information on a predicted travel destination by a 
information acquisition method according to the present invention; and a second step of 
determining information to be presented relating to the tiavel destination based on the 



information acquired in the first step, whereby the determined information to be presented 

is presented. 

According to the present invention, prediction of a destination of a mobile body 
can be performed more acct^ately than the conventional one and appropriate infonnation 
5 can be acquired, with a result of more appropriate information presentation to a user. 

Moreover, the present invention provides, as an information acquisition system, a 
system including: a history accumulation section that accumulates, as a travel history, a 
travel route obtained from a history of position infonnation of a mobile body; a condition 
determination section that determines, as a condition for retrieval, a kind and a category of 
10 a key at retrieval from the travel history accumulated in the history accumulation sectton; 
and a prediction section that performs retrieval on the travel history under the condition for 
retrieval and predicts one or more travel destinations for which the mobile body will 
advance based on the retrieval result, whereby information relating to the travel destination 
predicted by the prediction section is acquired. 
1 B According to the present invention, a kind and a category of a key at retrieval from 

the accumulated travel history are detennined as a condition for retrieval, and a travel 
destination or a travel route where the mobile body will advance is predicted based on the 
result of the retrieval under the condition for retrieval. Whereby, prediction can be 
performed more accurately than the conventional one. with a result of more appropriate 

20 infonnation acquisition. 

,n addition, the present invention is a program for allowing a computer installed in 
at leas, one of information equipment and a server to execute an information acquisition 
method according to the present invention. 

25 Brief Description of the Drawings 

FIG. 1 is a drawing showing a constitution of an infomration acquisition system 

according to the first embodiment of the present invention. 



FIG. 2 is a drawing indicating node relating information stored in a map 

information database. 

FIG. 3(A) and FIG. 3(B) are drawings each indicating one example of travel 

history data accumulated in a history accumulation database. 
5 FIG. 4 is a flowchart depicting a processing flow in the first embodiment of the 

present invention. 

FIG. 5 is a drawing showing one example of transition state information. 
FIG. 6 is a flowchart depicting one example of operation of a condition 
determination section. 

1 0 FIG. 7 is a drawing iUustratmg a screen example which presents information to a 

user. 

FIG. 8 is a drawdng showing a constitution of an mformation acquisition system 
according to the second embodiment of the present invention. 

FIG. 9 is a drawing indicating genre information stored in the map information 

1 5 database. 

FIG. 10 is a drawing indicating an example of information accumulated in a 

received information database. 

FIG. 11 is a flowchart depicting operation of an information-to-be-presented 
determination section in the second embodiment of the present invention. 
20 FIG. 12 is a drawing indicating predicted destination nodes and prediction 

probabilities thereof. 

FIG. 13 is a drawing indicating items of determined information to be presented. 

FIG. 14(A) to FIG. 14(D) are drawing showing examples of the information to be 
presented. 

25 FIG. 15 is a drawing illustrating a screen example which presents information to a 



user. 



FIG. 16 is a drawing showing a constitution of an information acquisition system 
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according to the third embodiment of the present invention. 

FIG. 17 is a flowchart depicting a processing flow in the third embodiment of the 

present invention. 

FIG. 18 shows example of predicted route information. 
5 FIG. 19 is a drawing indicating concrete examples of road/traffic information 

accumulated in the received information database. 

FIG. 20 is a drawing illustrating a screen example which is presented to a user. 
FIG. 21 is a drawing showing a constitution of an information acquisition system 
in a developmental example of the third embodiment of the present invention. 
1 0 FIG. 22 is a drawing showing a constitution of an information acquisition system 

according to the fourth embodiment of the present invention. 

FIG. 23 is a flowchart depicting operation of a information-to-be-presented 
determination section in the fourth embodiment of the present invention. 

FIG. 24 is a drawing showing a constitution of an information acquisition system 
1 5 according to the fifth embodiment of the present invention. 

FIG. 25 is a drawing showing a constitution of an information acquisition system 
according to the sixth embodiment of the present invention. 

FIG. 26 is a drawing indicating an example of information accumulated in the 

received information database. 
20 FIG. 27(A) and FIG. 27(B) are drawings illustrating presented information in the 

sixth embodiment of the present invention. 

FIG. 28 indicates examples of categories of keys each serving as a condition for 

retrieval. 

FIG. 29 is a drawing illustrating a category structure of which keys serving as 
25 conditions for retrieval are arranged in hierarchy. 

FIG. 30 is a drawing for explaining alternation of nodes to/from areas. . 

FIG. 31 is a flowchart depicting another example of the operation of the condition 
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determination section. 



Best Mode for Carrying Out the Invention 

The first aspect of the present invention provides an information acquisition 
method for acquiring information relating to a travel destination of a mobile body, 
including: a first step of accumulating, as a travel history, a travel route obtained firom a 
history of position information of the mobile body; a second step of determining, as a 
condition for retrieval, a kind and a category of a key at retrieval on the travel history; and 
a third step of performing retrieval on the travel history under the condition for retrieval to 
predict one or more travel destinations or travel routes where the mobile body will advance, 
based on a result of the retrieval, wherein information relating to a predicted travel 
destination or a predicted travel route is acquired. 

The second aspect of the present invention provides the information acquisition 
method of the first aspect, wherein the kind of the key in the second step includes at least 
one of time, date, weather, and a position and a travel route of the mobile body. 

The third aspect of the present invention provides the information acquisition 
method of the first aspect, fiirther including: a step of generating transition state 
information indicating past position transition of the mobile body from the travel history, 
wherein in the third step, the retrieval is performed on the transition state information. 

The fourth aspect of the present invention provides the information acquisition 
method of the first aspect, wherein in the second step, determination of the condition for 
retrieval is performed based on statistical processing. 

The fifth aspect of the present invention provides the information acquisition 
method of the fourth aspect, wherein the second step includes: a step (a) of selecting a 
candidate of the condition for retrieval; and a step (b) of calculating entropy for each 
prediction probability value of one or more travel destinations where the mobile body 
might advance under a selected condition candidate, and wherein the steps (a) and (b) are 
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repeated alternately, and the condition for retrieval is specified from the selected 
candidates based on values of the calculated entropies. 

The sixth aspect of the present invention provides the information acquisition 
method of the first aspect, wherein in the third step, each prediction probability of one or 
more travel destinations where the mobile body might advance is obtained, and prediction 
is performed based on each obtained prediction probability. 

The seventh aspect of the present invention provides the information acquisition 
method of the first aspect, wherein the travel history is accumulated in a form of inter-node 
transition. 

The eighth aspect of the present invention provides the information acquisition 
method of the seventh aspect, wherein at least one of nodes indicates a landmark, an area, 
or an intersection. 

The ninth aspect of the present invention provides the information acquisition 
method of the seventh aspect, wherein an intersection through which the mobile body have 
traveled in two or more directions among intersections in a travel route is set as a node. 

The tenth aspect of the present invention provides the information acquisition 
method of Ihe first aspect, wherein in the first step, the travel history is accumulated in a 
form of segment of travel start and travel end. 

The eleventh aspect of the present invention provides the information acquisition 
method of the first aspect, fiirther including the step of predicting a new travel destination 
or a new travel route where the mobile body will advance before the mobile body starts a 
travel from the travel destination or the travel route predicted in the third step. 

The twelfth aspect of the present invention provides the information acquisition 
method of the first aspect, wherem information relating to the predicted travel destination 
or the predicted travel route is acquired via a network. 

The thirteenth aspect of the present invention provides an information presenting 
method for presenting information relating to a travel destination of a mobile body. 
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including: a first step of acquiring relating information on a travel destination predicted 
according to the information acquisition method of the first aspect; and a second step of 
determining information to be presented on the travel destination based on the infom^ation 
acquired in the first step, wherein the determined information to be presented is presented. 

The fourteenth aspect of the present invention provides the information presenting 
method of the thirteenth aspect, wherein the second step includes the steps of : referencing 
information indicating a correspondence among positions, names, and genre names to 
which the positions belong; and determining at least one of the name and the genre name 
of the travel determination as information to be presented. 

The fifteenth aspect of the present invention provides the information presenting 
method of the fourteenth aspect, wherein the first step includes the step of obtaining a 
prediction probability of the predicted travel destination, and the second step includes the 
step of determining, as information to be presented, the name of the predicted destination 
when the prediction probability of the predicted travel destination exceeds a predetermined 
value, and otherwise determining the geme name thereof as information to be presented. 

The sixteenth aspect of the present invention provides the information presenting 
method of the thirteenth aspect, wherein the first step includes the step of calculating an 
estimated necessary time for transferring from a current position of the mobile body to the 
predicted travel destination as relating information by referencing the travel history. 

The seventeenth aspect of the present invention provides the infom^ation 
presenting method of the sixteenth aspect, wherein in the first step, road/traffic infomiation 
up to the travel destination is acquired via the network, and in the second step, an actual 
necessary time up to the travel destination with consideration of traffic circumstances is 
estimated by referencing the estimated necessary time and the road/traffic information. 

The eighteenth aspect of the present invention provides the information presenting 
method of the seventeenth aspect, wherein in the second step, when the estimated actual 
necessary time does not satisfy a predetermined condition, a route other than the predicted 
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travel route is searched. 

The nineteenth aspect of the present invention provides the information presenting 
method of the thirteenth aspect, wherein the information to be presented includes 
commercial information relating to the travel destination. 
5 The twentieth aspect of the present invention provides the information presenting 

method of the thirteenth aspect, wherein the information to be presented mcludes 
road/traffic information up to the travel destination. 

The twenty-first aspect of the present invention provides the information 
presenting method of the thirteenth aspect, wherein in the second step, a cognitive load of a 
1 0 user who receives information presentation is taken account in determining information to 
be presented. 

The twenty-second aspect of the present invention provides an information 
acquisition system including: a history accumulation section that accumulates, as a travel 
history, a travel route obtained from a history of position information of a mobile body; a 
1 5 condition determination section that determines, as a condition for retrieval, a kind and a 
category of a key at retrieval on the travel history accumulated in the history accumulation 
section; and a prediction section that performs retrieval on the travel history under the 
condition for retrieval to predict one or more travel destinations for which the mobile body 
will advance based on a resuh of the retrieval, wherein information relating to the travel 
20 destination predicted by the prediction section is acquired. 

The twenty-third aspect of the present invention provides the information 
acquisition system of the twenty-second aspect, wherein the history accumulation section 
includes a transition state information generation section that generates transition state 
information indicating past position transition of the mobile body from the accumulated 
25 travel history, and the prediction section performs retrieval on the transition state 
information. 

The twenty-fourth aspect of the present invention provides a program for allowing 
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a computer that at least one of information equipment and a server includes to execute the 
information acquisition method of the first aspect. 

Tl,e embodiments of the present invention will be described below with reference 
to the drawings. A car navigation system is referred to as an example in each of the 
5 following embodiments, but the present invention is not limited thereto. Tl-e present 
invention can be realized as well in. for example, potable phones. PDAs, personal 
computers, and the like, only if they are usually carried along with a user and has means 
for detecting position infom«tion. Also, a part of the Smctions that a car navigation 
system has may be provided in a server on a network. 

10 (First Embodhnent) 

no. 1 shows a constitution of a car navigation system as an information 
acquisition system according to the first embodiment of the present invention, hi FIG. 1: 
reference numeral 101 denotes a position detection section that detects infomtation on flte 
current position of the car navigation system (the current position of an automobile as a 
1 5 mobile body on which the car navigation system is boarded); 102 denotes a node judgment 
section titat judges whetiter or not the current position detected by the position detection 
section 101 corresponds to a node which wUl be described later; and 103 denotes a map 
mformation database fliat stores map information to be used for car navigation. 

Also, reference numeral 104 denotes a history accumulation database (DB) that 
20 accumulates a travel route obtained from a history of the position information of ti,e 
automobile as a travel history. Herein, when flte current position is judged as a node in the 
node judgment section 102. flie node is stored. The sttucture of data accumulated m flte 
history accumulation DB 104 wiU be described later. Reference numeral 105 denotes a 
threshold value calculation section ti«t calculates a tiueshold value for a node appearance 
25 frequency which is used for generating transition state information (described later) by 
utilizing information on tire appearance frequency of a node accumulated in tite history 
accumulation DB 104; and 106 denotes a ttansition state infom>ation generation section 
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tot generates transition state information indicating past position transiUon of the 
automobile from the travel history accumulated in the history accumulation DB 104. 
Herein, information relating to transition between nodes each appearing with a frequency 
over the threshold value calculated in the threshold value calculation section 105 is 
5 generated together with additional information such as the appearance frequency, travel 
date and time, and the like. The node judgment section 102, the history accumulation DB 
104. the threshold value calculation section 105, and the transition state infom,a.ion 
generation section 106 compose a history accumulation section. 

Reference numeral 107 denotes a condition determination section that determines a 
10 condition for retrieval for obtaining an appropriate prediction result from infomration 
indicaSng the current state accumulated in the history accumulation DB 104 by utilizing 
the transition state information; and 108 denotes a prediction seodon that performs 
prediction of a future travel destination from the transition state information, using the 
condition for retrieval determined by the condition determination section 107. 
1 5 Further, reference numeral 109 denotes an inter-node necessary time calculation 

section that calculates, by referencing the travel history, a n^vel time necessary for 
Werring between a node of the current position and a node predicted by the prediction 
section 108; 110 denotes an infomration-to-be-presented determination section that 
determines, by referencing the map information DB 103, information to be presented to a 
20 user relating to the node predicted by the prediction section 108; and 111 denotes an 
information presentation section flrat presents to tire user the information to be presented 
detemiined by the information-to-be-presented determination section 110. The 
information-to-be-presented detemtination section 110 determines, as information to be 
pre^ted, information tirat specifies a node such as a name, an estimated necessary time to 
25 reach flie node, estimated arrival time, and the like. 

FIG. 2 indicates information relating to nodes stored in the map information DB 
103. to tire present embodiment, intersections, landmarks, area names, and the like are 
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expressed by idea of node, and names unique to a user, such as "his/her office," "Ms A's 
house," and the like can be registered in addition to proper names such as "XX 
mtersection," "YY Amusement Park," and the like. 

In FIG. 2, each node number indicates an ID number assigned to a node in 
5 one-to-one correspondence, wherein the node number is assigned as "CXX" to an 
intersection, as "LXX" to a landmark, "AXX" to an area, and the like. Also, the nodes 
are stored together with information indicating the positions such as latitude/longitude 
information of representative points. The latitude/longitude information merely indicates 
position infomiation of the representative points, and information indicating ranges (radius 
10 of the representative point as a center, or the like) respectively corresponding to an 
intersection, a landmark, an area, or the like is present actually. It is thought that: 
referring to, for example, an intersection and a landmark, each range may be a range within 
a 10-m radius of a representative point as a center; and referring to an area, each range may 
be a range within a 1-km radius of a representative point as a center. Further, the ranges 
1 5 of individual areas may be different from one another. The position information may be, 
for example, an address, rather than the latitude and longitude. 

It is noted that the names of intersections, landmarks, and areas may be described 
instead of the ID number, and either of them is acceptable only if they are infomiation 
capable of specifying nodes in one-to-one correspondence. Information for specifying 
20 nodes representing intersections, landmarks, areas, and the like is stored in the history 

accumulation DB 104. 

It is also noted that any nodes can be added and deleted according to user's travels. 
For example, it is possible that an intersection that the user's automobile has traveled in 
t«c or more directions may be set as a node. In detail, as shown in FIG. 30(a). the user 
25 has traveled in two directions through the intersections a and c, and accordingly, the 
intersections a and c are set as nodes Na and Nc, and the intersection b, through which the 
. user has traveled in only one direction, is not set as a node. 
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Thereafter, when the user travels in another direction through the intersection b, as 
shown in FIG. 30(b), a node Nb is added as the intersection b for the reason that the user 
travels in two or more directions. Alternatively, as shown in FIG. 30(c), if the user 
travels in only one direction through the intersection a for a past predetermined period, the 
node Na is deleted (DNa). It is to be noted that such node setting not necessarily needs 
map data and can be performed using only the user's travel history. 

FIG. 3 indicates one example of data accumulated in the history accumulation DB 
104. In the example of FIG. 3, pairs of the node numbers and times of passage 
therethrough are stored chronologically. For example, it indicates that the user departed 
from, passed through and stops at a node L6 at 8:05 a.m. on July 31, a node C8 at 8:06 a.m. 
on the same day, and a node C12 at 8:1 1 a.m. on the same day, respectively. The node 
series may be accumulated on per segment basis according to a starting point and a 
destination, namely, by a unit of "segment from engine start (travel start) to engine stop 
(travel end)" as shown in FIG. 3(a), or may be accumulated in a segment unit of "segment 
from departure from home to going back home" as shown in FIG. 3(b). Alternatively, the 
node series may be accumulated in a segment unit of "the same day" or even with no 
segments. Accumulation of a travel history by segment from travel start to travel end 
enables prediction of a travel destination based on detailed route information. 

It is to be noted that the time is expressed in terms of month, date, hour and minute 
in FIG. 3, but year, second, day of the week, and the like may be stored in addition, or only 
combination of any of these units may be stored. Also, in the case where the node series 
is segmented on a travel-by-travel basis for accumulation, it is possible that each time of 
engine start and engine stop is recorded and only a node number is recorded for a node 
through which the automobile passes. Further, not only the information relating to time 
and date but also information relating to a key serving as a condition for retrieval to be 
determined by the condition section 107, such as information on weather, a driver, or a 
fellow passenger may be stored. 
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The processing flow in the present embodiment will be described next with 

reference to the flowchart of FIG. 4. 

When the current position of the car navigation system is detected in the position 
detection section 101 (step al), the node judgment section 102 performs judgment as to 
whether the current position is a node or not by referencing the map information DB 103 
(step 22). If the node judgment section 102 judges the current position to be a node, an 
ID number indicating the node is accumulated in the history accumulation DB 104 (step 
a3). At this time, collateral information on time, date, weather, and the like is 
accumulated in combination. 

The threshold value calculation section 105 calculates a threshold value of the 
number of times of appearance for selecting a node for composing transition state 
information by referencing the history accumulation DB 104 (step a4). Various methods 
can be considered for the threshold value calculation. For example, it may be calculated 
according to the amount of data accumulated in the history accumulation DB 104, may be 
calculated by obtaining distribution of appearance times of all nodes, or may be calculated 
by obtaining an average of the appearance times of all the nodes and multiplying it by a 
given constant. The calculation may be performed by any methods. 

When the threshold value is calculate in the threshold value calculation section 105, 
the transition state information generation section 106 generates transition state 
information by selecting a node of which appearance time exceeds the threshold value by 
utilizing the data in the history accumulation DB 104 (step a5). 

FIG. 5 shows one example of the transition state information. The transition state 
information has a tree structure, as shown in FIG. 5, in such a fashion that: nodes (starting 
points) of a landmark or an area firom which a travel starts are arranged at the uppermost 
level immediately below a root; histories of past node transition from the respective nodes 
as base points, which indicate histories of travels among intersections, are expressed in a 
tree structure; and nodes (destinations) such as a landmark, an area, and the like where the 
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travel ends are located at the lowermost level of the respective branches. Each node, 
which accompanies state information indicating that the automobile departs from, passes 
through or arrives at the node (data indicated in rectangular areas in FIG. 5), can be 
retrieved through the tree structure under a condition such as "a node where the automobile 
5 travels in a period from 9 a.m. to 12 p.m. of weekday as a retrieval key. Also, the number 
of pieces of the accompanying state information offers to respective frequencies of 
departure from, passmg through and arrival at the node. Thus, the transition state 
information contains information relating to the degree of transition, and this enables more 
efficient retrieval than retrieval of all the accumulate travel histories. 
10 In Fig. 5, the dates and times indicated in FIG. 3 are recorded as state information. 

Key information serving as a condition for retrieval, such as the aforementioned 
information on a driver and a fellow passenger may be recorded in addition. Also, the 
state information is recorded in some of the nodes in FIG. 5, but is recorded in all the 
nodes actually. 

15 Upon generation of the transition state information, the condition determination 

section 107 determines a condition for retrieval appropriate to prediction by the prediction 
section 108 (step a6). FIG. 6 is a flowchart depicting one example of the operation of the 
condition determination section 107. 

The condition determination section 107 acquires information relating to the 
20 current state by referencing the history accumulation DB 104. A field for storing 
information relating to the current travel is present in the history accumulation DB 104 in 
addition to a field for storing the past history information so that a route from departure to 
the current node can be extracted. Suppose that: the current position is a node "C9"; a 
travel history from departure is "L6 to C9"; and the date and time is 2 a.m. on June 3. 
25 Wherein, referring to date and time conditions (kinds of a key), any conditions (categories) 
such as "weekday," "afternoon," and "summer" can be extracted by referencing tables as 
indicated in FIG. 28. 
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After the condition determination section 107 selects one combination, for 
example, "weekday and C9" among the conditions (step bl), a node satisfying the 
condition is retrieved from the transition state information (step b2). In FIG. 5, the node 
«C9" 501 corresponds to this. Then, one of nodes (nodes located at the lowermost level) 
5 having a possibility of future transition from this node as a base point is selected as a 
transition candidate node (step b3), a probability of transition toward the selected node is 
calculated (step b4), and then, the obtained value is stored (step b6). 

The following method is employable as the transition probability calculation 

method. 

1 0 Transition probability P(Ln|C9)=Freq(Ln!Cond)/Freq(C9|Cond) 

where the condition at that time is Cond, a frequency of appearance at the base 
point C9 under the condition Cond is Freq(C91Cond), and a frequency that a transition 
candidate node (Ln) satisfies the condition Cond is Freq(Ln|Cond). 

When the transition probability of one transition candidate node is calculated, 
15 whether other transition candidate nodes are present or not under the same condition is 
judged (step b5). When it is present, the transition probability of that transition candidate 
node is calculated as well and the calculated value is stored. 

When no other transition candidate is present (No in b5), entropy for the transition 
probability under the condition is calculated from the stored transition probabilities (step 
20 b7), and the calculated value is stored together with the condition (step b9). One example 
of the entropy calculation method where a probability of a travel toward one Li of 
destinations where the driver has been in the past is Pi under a given condition is indicated 
in the following expression. 

LPi(-log2Pi) •••(!) 
25 After storing the entropy, whether any combinations (e.g., possible combinations, 

"weekday and C9 and afternoon," "weekday and "L6 to C9" and summer," and the like) 
other than the already selected condition are present or not is judged (step b8). When it is 
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present, the possible condition is selected and the same operation is repeated. 

men the entropy calculation for all of the condition combinations is completed, 
the condition combination of which entropy value stored is the smallest is determined as an 
optimum condition for retrieval (step blO). In other words, a kind and a category of a key 
used for retrieval of the travel history performed for travel destination prediction are 
determined as a condition for retrieval. 

Referring again to FIG. 4, when the condition for retrieval is determined by the 
condition determination section 107, the prediction section 108 performs retrieval on the 
travel history under the condition for retrieval, and predicts a travel destmation where the 
automobile will advance based on the retrieval result. Herein, a foture transition 
destination node is determined by referencing the transition state mformation generated 
from the travel history (step a7). The node determination can be executed by various 
methods, for example, a method of selecting the node having the highest prediction 
probability, a method in which a range is provided to each node according to the value of 
the prediction provability and a node having a range to which a random number value 
belongs is selected, a method of selecting all nodes having probability values exceeding a 
predetermined value, and a method of selecting a given number of nodes in order from the 
node having the highest probability value. In addition, prediction of a node of a transition 
destination naturally enables prediction of a route to the predicted node by referencing the 

transition state information. 

Upon prediction of the node of the transition destination, the inter-node necessary 
time calculation section 109 estimates a necessary time for transferring from the current 
node to the node of the predicted destination (step a8). For example, the transition state 
infonnation is retrieved using the current node and the node of the predicted destination as 
a key, and an average value of time periods required for traveling between the nodes in the 
past is set as an estimated necessary time. For this setting, the necessary time may be 
obtained after the target infonnation to be retrieved is narrowed by a condition such as date. 
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time period, and the like. Alternatively, the necessary time may be calculated by 
referencing the history accumulation DB 104 in the case where information not indicated 
in the transition state information is stored in the history accumulation database DB 104. 

The information-to-be-presented determination section 110 determines information 
5 to be presented to the user by referencing the map information DB 103, such as 
information on the name and other materials of the predicted node, and information 
relating to the estimate necessary time and the estimated arrival time (step a9). The 
determined information is presented to the user (a driver and a fellow passenger) through 
the information presentation section 111. One example of the screen that presents 
10 information to a user is shown in FIG. 7. 

It should be noted that the information to be presented may be acquired via a 
network. In this case, it is possible that the car navigation system selects and presents 
information relating to a travel destination or a travel route predicted from received 
information. Or, it is possible that information indicating a predicted travel destination or 
1 5 travel route is uploaded to a server on the network from the car navigation system, the 
relating information is selected by the server, and then, only information selected in the 
server is received by the car navigation system. 

In the latter case, it is further possible that the history information accumulated in 
the history DB 104 is uploaded to the server for allowing the server to perform both 
20 prediction of a travel destination and selection of information based on the prediction result. 
Wherein, it is expected that some users are reluctant to upload all of their travel histories to 
the server in view of privacy protection. For such users, it is rational to upload least 
infonnation, that is, only the predicted travel destination. In other words, all the travel 
histories may be uploaded to the server only for a user who provides permission. 
25 It is noted that the present embodiment selects only a node appearing with a 

frequency exceeding the predetermined value in generating the transition state information 
from the travel history, which is for increasing the retrieval efficiency by reducing the size 
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of the data to be retrieved. In other words, node selection is not necessarily needed in a 
case with no special limitation on the retrieval efficiency, and the transition state 
information may be generated utilizing all the nodes accumulated in the history 

accumulation DB 104. 

Further, in the present embodiment, prediction is performed in such a mamier that 
the transition state information is generated so as to contain all the state information having 
a possibility of being utilized in prediction, and then, a condition combination of which 
entropy has the minimum value is determined as a condition for retrieval by referencing 
the transition state information. , Besides this method, however, a method is considered in 
which the condition determination section 107 determines an appropriate condition m 
advance by performing the same processing as in the present embodiment by referencing 
the history accumulation DB 104 and the transition state information generation section 
106 generates transition state information under the determined condition. 

It is to be noted that determination of transition state information is performed by 
calculating entropy for the transition probability of the nodes (prediction probability of the 
predicted travel destination), but the present invention is not limited thereto. For example, 
the condition for retrieval may be determined based on another statistical processing. 
<Other Examples of Determination Method of Condition for Retrieval> 

(1) 

Another processing example in the condition determination section 107 will be 
described with reference to the flowchart of FIG. 31. Herein, a hierarchical category 
structure relating to the kinds of a key such as "date," 'time," and "weather" as shown in 
FIG. 29 is supposed as a variation of the condition. 

Suppose that: the route information until the current time is "L6 to C9"; the 
current node is C9; and the current state includes "Monday," "2 p.m.," and "fine weather." 

First, the current node satisfying the route information "L6 to C9» is retrieved 
from the transition state information indicated in FIG. 5 (step fl). In FIG. 5, the node 501 
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corresponds to this. 

Next, likewise the above-mentioned procedures, each probabihty of transitions 
toward the transition candidate nodes in case where the condition Cond is set to be the 
route information "L6 to C9" is calculated, entropy therefor is calculated and the 
5 calculated result is set as standard entropy (step fl). 

After the calculation of the standard entropy, three categories "weekday," 
"afternoon," and "fme weather" which have the highest abstraction degree that satisfies the 
current state are determined as condition candidates (step f3). 

Then, "weekday" is selected first among the condition candidates (step f4), and 
10 entropy in a condition candidate that satisfies the route information "L6 to C9" and 
"weekday" as a condition Cond is calculated (step f5) and is stored (step f7). 

Whether any condition candidates other than the already selected condition 
candidate, "weekend" are present or not among the condition candidates determined in the 
step B is judged (step f6). Herein, the categories "afternoon" and "fine weather" remains. 
1 5 "Afternoon" is selected next (step f4) for performing the same processing. 

When the same processing is performed on the remaining category "fme weather" 
and the processing for all the condition candidates is completed, whether an end condition 
is satisfied or not is judged (step f8). 

Herein, the end condition is judged to be satisfied when either of the following two 
20 judgment criteria is satisfied. The first judgment criterion is the case where the standard 
entropy is the smallest among the entropies for the respective condition candidates and the 
standard entropy calculated m the step f2. The second judgment criterion is the case 
where every condition candidate corresponds to any of the categories located at the 
lowermost level in the hierarchical structure in FIG. 29 with no further concrete category 
25 being present. In either cases, the processing terminates to determine the condition 
selected at the present as an optimum condition (step f9). Assume that the current stage 
satisfies the end condition, the optimum condition in this case is only the route information 
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"L6 to C9" and no other condition such as date and time is selected. 

Suppose herein that the entropy when "afternoon" is selected is the smallest, 
-nxen; the entropy value therefor is set as the standard entropy (step f2) and the category 
"afternoon" is made one-level concrete into "2 a.m. to 3 a.m." so that "weekend," "fine 
weather," and "2 a.m. to 3 a.m.» are determined as new condition candidates (step f3). 
Subsequently, the same processing is performed on the new condition candidates (steps f4 
to f6). 

If the end condition is satisfied at this time, the optimum conditions are the route 
information "L6 to C9" and "afternoon." On the other hand, if the end condition is not 
satisfied, for example, that the entropy for "weekday" is the smallest, the processing of the 
steps f2 to f8 are repeated fiirther with the entropy value therefor used as standard entropy 

until the end condition is satisfied. 

For example, when the categories "weekday," "2 a.m. to 3 a.m.," and "fine 
weather" are determined as the optimum conditions, a transition probability is calculated 
for only the case where the automobile has traveled along the route "L6 to C9" within tiie 
period of "2 a.m. to 3 a.m." on a "weekday" of "fine weather," to determine a transition 
destination node. 

(2) 

Another processing example in the condition determination section 107 will be 
described with reference to the same drawing, FIG. 31. Suppose that tiie route 
information until tire current time is "L6 to C9," tixe current node is C9, and tixe current 
state includes "Monday," "2 pm.," and "fine weatiier." 

The current node satisfying the route information "L6 to C9" is retrieved fi:om the 
transition state information indicted in FIG. 5 first (step fl). The node 501 corresponds to 
tills in FIG. 5. Then, likewise tiie metiiod described above, each provability of transition 
toward the transition candidate nodes witii tiie condition Cond set to the route infomiation 
"L6 to C9" is calculated and entropy tiierefor is calculated to set the calculated resuh as 
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standard entropy (step f2). 

Upon calculation of the entropy, a category one-level concreted from the "ROOT' 
in the condition category hierarchy in FIG. 29 is determined as a condition candidate (step 
f3). Specifically, as the condition candidates, "weekday" and "holydays" are set for the 
date condition, "morning," "afternoon," and "evening" are set for the time condition, and 
"fine weather," "cloudy weather," and "rainy weather" are set for the weather condition. 

The categories into which the condition of day of the week is made concreted, 
"weekday" and "holydays" are selected among these candidates (step f4); each transition 
probability and entropy therefor of candidates satisfying the route information "L6 to C9" 
in the transition state information in FIG. 5 in the case where they are categorized into 
"weekday" and "holydays" are calculated (step f5); and then, the calculated entropy value 
is stored (step f7). 

Next, the categories into which the time condition is made concreted, "morning," 
"afternoon," and "evening" are selected (step f4); each transition probability and entropy 
therefor of candidates satisfying the route information "L6 to C9" in the transition state 
information in FIG. 5 in the case where they are categorized into "morning," "afternoon," 
and "evening" (step f5) are calculated; and then, the calculated entropy value is stored 
(step f7). The same entropy calculation is performed for the weather condition. 
Subsequently, the end condition is judged as described above in step f8. 
For example, if the entropy in the case where the time condition is made concrete 
into "morning," "afternoon," and "evening" is the smallest, condition candidates of five 
categories in total are determined in the next step f3, that is: the category of "weekday" and 
"holydays"; the category of "fine weather," "cloudy weather," and "rainy weather"; the 
category into which "morning" is made concrete, "6 a.m. to 7 a.m.," "8 a.m. to 9 a.m.," and 
"10 a.m. to 11 a.m.»; the category into which "afternoon" is made concrete, "12 p.m. to 1 
p.m.," "2 p.m. to 3 p.m.," and "4 p.m. to 5 p.m."; and the category into which "evening" is 
made concrete, "6 p.m. to 7 p.m.," "8 p.m. to 9 p.m.," and "10 p.m. to 1 1 p.m." 
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The difference between the above described two kinds of processing Ues in that: 
the former calculates the entropy in only the candidates satisfying the same condition as 
the current state in the state information such as day of the week, time, and the like in the 
past travel data indicated in the transition state information in FIG. 5 (for example, when 
5 "weekday is provided as the condition of day of the week because today is Monday, only 
the entropy in the candidates satisfying "weekday" among the past cases in the same route 
is calculated.); while the latter calculates the entropy in all the cases in the same route. 

It is to be noted that it is thought that the condition categories as in FIG. 29 differ 
depending on users (for example, some users' holidays are Saturday and Sunday while 
1 0 other users' holidays are Monday and Tuesday.), and therefore, means for acquiring such 
condition categories may be provided so that each user can utiUze different condition 
categories. 

Further, information from start of the current travel to the current position is 
utilized as a condition in the present embodiment, but other history information in a travel 
1 5 before the current travel (information relating to starting point, route, time and date, and 
the like) may be reference in addition. 

Moreover, it is possible to provide plural kinds of hierarchical structures of 
condition categories as shown in FIG. 29 for the same key (e.g., time condition). In this 
case, each entropy in the hierarchical structures is calculated so that each condition is 
20 determined, and the prediction is performed under the condition having the smallest 
entropy among the entropies as a final condition. Whereby, various categories for the 
layer lower than "afternoon from 12 a.m. to 5 p.m." can be taken into consideration, such 
as categories of "12 p.m. to 2 p.m.," and "3 p.m. to 5 p.m.," categories of "12 p.m. to 1:30 
p.m.," "1:30 p.m. to 3 p.m.,'' and "4 p.m. to 5 p.m.," in addition to "12 p.m. to 1 p.m.," "2 
25 p.m. to 3 p.m.," and "4 p.m. to 5 p.m." shown in FIG. 29. 

Furthermore, the node judgment section 102 judges, upon detection of the position 
information by the position detection section 101, whether it is a node or not and only a 
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node is accumulated in Ae history accumulation DB 104 in the present embodiment. 
However, other constitutions are possible. For example, .he position information as 
detected is accumulated and the node determination section 102 operates at appropriate 
intervals thereafter for extracting only a node. 
5 It is also possible that the infom.ation-to-be-presen.ed detemunation section 110 

determines only the name of a predicted travel destination initially as the information to be 
presented, and then, the estimated necessary time and other detailed information relating to 
only the node flrat the user selects in the presented information is outpu.. Alternatively, a 
route setting, which is one of the functions of the car navigation system, may be performed 
10 with the selected node set as a destination. 

It should be noted that means for acquiring information for specifying a user such 
33 a driver and a fellow passenger may be provided tether to the constitution of the 
present embodiment for accumulating history accumulation data for each user. This 
enables appropriate pr«liction according to a user and prediction according to difference m 
, 6 fellow passenger even in the case where a plurality of users use the same car navigauon 
system Various methods are considered as the method of acquiring informahon for 
specifying a user. For example, direct input by a user, acquisition of equipment ID. user 
irformation. or the like by communication by a user-carrying information terminal, such as 
a mobile phone and a PDA via radio such as Bluetooth and IrDA. judgment from a car key 
20 that stores information for specifying a driver, and person judgment by an on-board camera. 

No limitation is imposed. 

„ can be also thought that node infomration indicating a node name that a user has 
registered and a node name other than a proper name are sterol in the map information DB 
103 on a user-by-user basis and the node infonnation to be referenced is changed 
according to the acquired information for specifying a user. When a node "office" is to 
he registered, for example, there may be cases where it is "XY Manufacturing 
Corporation" for a father as a driver and "VZ Trading Corporation" for a son as a drtver. 
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Further, it is possible ftat each user insert his^er memory card storing his^er individual 
node information into the car navigation system for referencing the map information DB 
103 and a>c memory card. Alternatively, the node infonnation may be «ored on a 
network. 

m addition, as the history information stored in the history accumulation DB 104. 
intersections may be accumulated as nodes, in addition to accumulation of node series, 
utilizing, for example, infonnation on roads that the automobile has traveled (link 
connecting between intersections). Specifically, when a road com>ecting the nod^ C8 

T 1, T j«i^r8 10^ the accumulated information such as "L6," 
with C20 is expressed as a link Link(», 2U), tne accumui 

«C8 » "C20," and "L12" shown in FIG. 3(c) is recorded in terms of "L6," "Link(8, 20)," 
and'"L12." A travel destination can be predicted by the same method as in the present 
embodiment even in the case where the travel history is accumulated in such terms. 

(Second Embodiment) 

FIG. 8 shows a constitution of a car navigation system as an infomiation 
acquisition system according to the second embodiment of the presem invention. 
Detailed description is omitted about elements operating in the same manner as the 
operation of those in the first embodiment among the elements to which ti.e reference 
numerals common to those in FIG. 1 are assigned in FIG. 8. 
.0 In FIG. 8, reference numeral 801 denotes an infom^ation receiving section that 

receives information from outside via a network, a broadcast wave, or the like, and 802 
denotes a received information DB that accumulates mformation that the information 
receiving section 801 receives. Also, reference numeral 803 denotes an input 
interpretation section that interprets an input from a user upon receipt. Tlte 
25 information-to-be-presented' determination section 110 determines information to be 
presented to a user relating to a travel destination predicted by the prediction section 108 
by referencing flie map infonnation DB 103, the received infonnation DB 802. and flte 
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interpretation of the input interpretation section 803. 

FIG. 9 indicates one example of the information stored in the map information DB 
103. In the present embodiment, as shown in FIG. 9. information relating to gem:es to 
which the respective nodes belong is stored in the map information DB 103, in addition to 
the information indicating the position and the name of each node as shown in FIG. 2 (not 
shown in FIG. 9). For example, a node ID "Xr has a name "C Co-op" and belongs to a 

genre "supermarket." 

FIG. 10 indicates one example of the information received by the infonnation 
receiving section 801 and accmnulated in the received information DB 802. In the 
example of HG. 10, there are accnmulated: information indicating positions such as names, 
latitudes/longitudes and the like of landmarks and areas that have information; detailed 
relating information; and other information such as image, video and the like. Addresses 
and the like may be used as information indicating the positions, besides the 
latitudes/longitudes. 

The operation of the information-to-be-presented determination section 110 in the 
present embodiment will be described next with reference to the flowchart of FIG. 11. 
Wherein, the prediction section 108 in the present embodiment predicts a plurality of travel 
destinations and obtains the respective prediction probabilities thereof, as shown in FIG. 
12. 

First, one of the nodes predicted by the prediction section 108 is selected as a 
prediction candidate (step cl), and the name of the selected node is retrieved from the map 
information DB 103 (step c2). Herein, a node "L131" is selected from the nodes 
indicated in FIG. 12, and "Kamctani Golf Shop" is acquired as the name of the node 
"L131." 

5 Subsequently, whether the prediction probability that the automobile might 

advance for the node selected in the step cl exceeds a predetermined value or not is judged 
(step c3). In the present embodiment, the predetermined value is set to be "0.25." TTie 
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prediction probabiUty of the node "LlSl" at this time is 0.31. which exceeds a.e 
predetermined value, so that the node name "Kametani Golf Shop" is stored as a candidate 
for information to be presented (step c4). 

If a node of the prediction candidate other than "LlSl" is present (Yes in step c8), 
5 a next candidate "L18" is selected (step cl) and the name of the node is retrieved to 
acquire the name "Bonjour" (step c2). "L18" has a prediction probability of 0.26. which 
exceeds the predetermined value, so that the node name "Bonjour" is stored as well as 
'L131." 

«L3" is selected as a next candidate (step cl), to acquire the name "C Co-op" (step 
10 c2). The probability value thereof is 0.18, which does not exceed the predetermined 
value (No in step c3), so that "supermarket," which is the gemre name of the node "L3," is 
acquired by referencing the map information DB 103 (step c5). Tl.cn, link infomiation 
connecting between the genre "supermarket" and the name "C Co-op" of the node «L3» is 
generated (step c6), and the genre name and the node name are stored as a candidate for 
1 5 information to be presented, (step c7). 

The same processing is performed on the remaining node "L52." As a resuU of 
the processing, items of the information to be presented as indicated in FIG. 13 are 
determined (step c9). When the items of the information to be presented are determined 
in this way, information corresponding to the items is retrieved by referencing the received 
20 information DB 802 to determine the contents to be presented (step clO). 

FIG. 14 shows an example of information determined by the 
information-to-be-presented determination section 110 and presented by the infomiation 
presentation section 111. The presented information is structured so as to be able to 
follow the links of FIG. 14(B) or FIG. 14(C) and FIG. 14(D) from the top page of FIG. 
25 14(A). When an input specified by a user is interpret in the input interpretation section 
803, the information on a linked end is presented accordingly. Further, in the screens 
displaying shops shown in FIG. 14(B) and FIG. 14(D), image or video information is 
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replayed as information accumulated in the received information DB 802, in addition to the 
text information. 

FIG. 15 shows an example where such information is presented to a user on a 
screen of the car navigation system. The names "Kametani Golf Shop" and "Bonjour" as 

5 the travel destinations "L131" and "L18" having the prediction probabilities exceeding the 
predetermined value, and the genre name "supermarket" as the travel destinations "L3" 
and "L52" having the prediction probabilities not exceeding the predetermined value are 
determined as the information to be presented and are presented. In this way, a candidate 
destination having not so high prediction probability is presented as a gemre, thereby 

10 reducing possibility of rendering a user amioyed by presenting wrong predicted 
destination. 

It is noted that other aspects of information presentation are possible. For 
example, for the nodes having prediction probabilities exceeding the predetermined value, 
such as "Kametani Golf Shop," "Bonjour," not only the items but also detailed information 
1 5 relating thereto are displayed m the top page while only the items are presented for the 
other nodes. Alternatively, only the genres may be displayed in the top page regardless of 
their prediction probabilities. Further, the names (landmark names, area names, and the 
like) of all the nodes may be displayed rather than the genres. 

Display may be changed - according to whether a landmark to be presented is the 
20 user's destination or is on the predicted travel route. For example, the node name and the 
genre name may be displayed for the destination and the node on the route, respectively. 

Moreover, as described in the first embodiment, prediction of a travel destination 
node by the prediction section 108 naturally enables prediction of the route up to the node. 
Hence, commercial information relating to a landmark existing in the vicinity of the 
25 predicted route may be presented in addition to the commercial information relating to the 

predicted node (landmark). 

Furthermore, as the information to be presented, information on the necessary time 
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described in the first embodiment or information relating to the predicted destination 
accumulated in the map information DB 103 may be represented. 

(Third Embodiment) 

5 FIG. 16 shows a constitution of a car navigation system as an information 

acquisition system according to the third embodiment of the present invention. Detailed 
description is omitted about elements operating in the same manner as the operation of 
those in the first and second embodiments among the elements to which the reference 
numerals common to those in FIG. 1 and FIG. 8 are assigned in FIG. 16. 
1 0 Herein described will be each operation of the information receiving section 801, 

the received information DB 802, the prediction section 108, the inter-node necessary time 
calculation section 109, and the information-to-be-presented determination section 110. 

The infonnation receiving section 801 receives information relating to road/traffic 
by utilizing a network, a broadcast wave or the like, and the received information DB 802 
1 5 accumulates the received road/traffic information. 

The prediction section 108 predicts one or more travel destination nodes, and then, 
predicts each node transition series from the current node to the predicted node(s), that is, 

one or more travel routes. 

The inter-node necessary time calculation section 109 calculates a necessary time 

20 required for transferring between the current node and a predicted node (destination of the 
current travel) . For example, as described in the first embodiment, an average value of 
past travel times for transferring between the current node and the predicted destination 
node is calculated as an estimated necessary time by referencing the transition state 
information generated by the transition state information generation section 106. 

25 Wherein, the necessary time may be obtained after further narrowing the object of retrieval 
under a condition such as date, time and the like. Or, in the case where information not 
indicated in the transition state information is stored in the history accumulation DB 104, 
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fte nec^essary time may be calculated by referencing *e history accumulation DB 104. 
Processing other fl>au tite above examples is possible. For example, it is possible to 
calculate an average travel time between two arbitrary nodes included in the travel route 
predicted by the prediction section 108 among two or more nodes .hat a,e 
6 infomration-to-be-presented determination section 110 selects upon receipt of the 
information of the received information DB 802 and of the map information DB 103. 

The information-to-be-presented determination section 110 selects two or more 
nodes to be sent to the inter-node necessary time calculation section 109 by referencing tire 
received information DB 802 and the map information DB 103. Also, it detemunes 
1 0 infomration to be presented to tire user by referencing the route information predicted by 
fte prediction section 108. tire estimated necessary time between tire given nodes which is 
calculated by the inter-node necessary time calculation section 109. and tire route/traffic 
information accumulated in the received information DB 802. 

-nre processing flow in the present embodiment will be described wiflr reference to 

1 5 the flowchart of FIG. 17. 

First, the prediction section 108 predicts one or more route information (step dl). 
FIG. 18 shows one example of the predicted route information. The number of pieces of 
the route information may be plural as in FIG. 18 or only one. 

Upon prediction in the step dl, the information-to-be-presented determination 
20 section 110 compares the road/traffic information accumulated in the received infomiation 
DB 802 with the predicted route information as shown in FIG. 18 to judge whether the 
road/traffic information relating to the predicted route is present or not (step d2). FIG. 19 
shows a concrete example of the road/traffic information. As shown in FIG. 19, the 
road/traffic information herein includes items such as road names, sections, and relating 
25 information. The elements composing section information are stored in the map 
information DB 103, as referred to in FIG. 2. 

The judgment method herein will be described. The information-to-be-presented 
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determination section 110 first converts the section information of the road/traffic 
information as indicated in FIG. 19 into the node expression by referencing the map 
information DB 103. For example, section information of "Sumoto-kita to 
Sumoto-minami" is converted into the node information of "C13 to C20." Next, whether 
5 there are sections agreeing with the converted node information or not is judged by 

comparing the converted node information v^rith the predicted route information in FIG. 18. 

The result of this judgment indicates that the route with priority number 1 includes "C13 to 

C20." In other words, the step d2 results in selection of the section "C13 to C20'' (step 

d3). 

10 Subsequently, the inter-node necessary time calculation section 109 calculates, by 

referencing the transition state information, an average necessary time required for 
traveling the route with the priority number 1 in the past (hereinafter referred to as route 
average necessary time), and an average necessary time required, in the past, for traveling 
between the nodes "C13 to C20" selected by the information-to-be-presented 
1 5 determination section 110 (hereinafter referred to as section average necessary time) (step 
d4). Suppose herein that the route average necessary time and the section average 
necessary time are calculated to be "80 minutes" and "20 minutes," respectively. 

Next, the information-to-be-presented determination section 110 compares the 
necessary time, "30 minutes" of the section corresponding to "C13 to C20" accumulated as 
20 relating information in the received information DB 802 with the section average necessary 
time, "20 minutes" calculated by the inter-node necessary time calculation section 109 to 
calculate a differential time, "10 minutes" (step d5). Then, the differential time, "10 
minutes" and the route average necessary time, "80 minutes" are factored to determine "90 
minutes" as predicted necessary time (step d6). 
25 The information-to-be-presented determination section 110 further performs 

conversion from the node number to the name of a landmark or the like by referencing the 
map information DB 103 to determine the information to be presented to the user (step d7). 
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FIG. 20 shows an example of a screen that the information presentation section 
111 presents to the user, hi FIG. 20, the screen displays: the names of the predicted 
destinations; the estimated necessary time obtained by referencing the road/traffic 
information; and the received road/traffic information. 
5 It is to be noted that the aspect of the presented information is not limited to those 

referred to herein, and only the road/traffic information relating to the predicted route may 
be presented. This eliminates the need of the inter-node necessary time calculation 

section 109. 

(Developmental Example) 
10 The constitution shown in FIG. 21 can be considered as an example attained by 

developing the aforementioned third embodiment, hi FIG. 21, a route search section 
2101 is provided, different from that in FIG. 16. 

Operation of the route retrieval section 2101 will be described. When it is judged 
in the necessary time comparison step d5 or necessary time determination step d6 that 
1 5 longer time is required than the past average necessary time in the route predicted to be a 
route along which the automobile will advance, the route search section 2101 receives, 
from the information-to-be-presented determination section 110, the predicted route 
information indicated in FIG. 18 and information read out from the received information 
DB 802, while searching a route of which necessary time is shorter than that of the 
20 predicted route by referencing the map information DB 103. The algorithm for the search 
is not limited and the detailed description thereof is omitted here. When the route in 
which necessary time is shorter than that in the predicted route is hit in the search, the 
information presentation section 111 presents the information relating to the hit route to the 



user. 



25 Further, the route search section 2101 may search, with priority, a route which the 

user has traveled in the past and in which necessary time is fiirther shorter by referencing 
the history accumulation DB 104, the transition state information, or the inter-node 
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necessary time calculation section 109. 

The other route may be searched not only when the constraint on the necessary 
time described as above is not satisfied but also when there is regulation information 
relating to the predicted route, such as closure. 

5 

(Fourth Embodiment) 

FIG. 22 shows a constitution of a car navigation system as an information 
acquisition system according to the fourth embodiment of the present invention. Detailed 
description is omitted about elements operating in the same manner as the operation of 
10 those in the second embodiment among the elements to which the reference numerals 
common to those in FIG. 8 are assigned in FIG. 22. 

Reference numeral 2201 denotes a frequency calculation section that calculates 
each frequency of appearance at the nodes (landmark, area) where the user has made a stop 
in the travel history, and 2202 denotes a frequency storage DB for storing the frequency 
1 5 calculated by the frequency calculation section 2201 . 

FIG. 23 is a flowchart depicting operation for determining information to be 
presented by the information-to-be-presented determination section 108. 

The information-to-be-presented determination section 110 selects one among the 
predicted travel destinations as a prediction candidate (step el) upon receipt of the resuh of 
20 prediction as indicated in FIG. 12 from the prediction section 108, and then, references the 
prediction probability of the selected prediction candidate (step e2). When the prediction 
probability exceeds a predetermined value, the prediction candidate is stored as a candidate 
to be presented to the user (step e6). On the other hand, when the probability value does 
not exceed the predetermined value, the frequency of this prediction candidate is acquired 
25 by referencing the frequency storage DB 2202 (step e3). This prediction candidate is 
stored as a candidate to be presented to the user when the acquired frequency exceeds a 
predetermined value (step e6), otherwise it is not stored. Then, any other prediction 
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candidates are searched (step e5), and the same operation is repeated when there is any 
prediction candidate. 

When the processing for all the predicted candidates is completed, information 
relating to the stored candidates to be presented as the predicted destinations is determined 
5 as items to be presented (step e7), and information relating thereto is determined as a 
content to be presented by referencing the map information DB 103 or the received 

information DB 802 (step e8). 

It is to be noted that various methods as the method of determining a candidate to 
be presented are thought other than the method mentioned above. For example, in a case 
1 0 employing the frequency, a criterion as to whether a rate of the frequency of a predicted 
candidate node which occupies the total frequency of landmarks and areas where the user 
has been in the past exceeds a predetermined value may be used rather than setting the 
criterion as to whether the frequency exceeds the predetermined value as a condition for 
candidate representation. Alternatively, it is possible that the frequency storage DB 2202 
1 5 stores frequencies on a per genre basis as indicated in the second embodiment and the 
frequency of a genre as a whole to which the node belongs is used as a criterion for 
judgment rather than the frequency of a single predicted candidate node. In addition, 
each prediction candidate may be judged taking account of both the prediction probability 
obtained by the prediction section 108 and the frequency stored in the frequency storage 
20 DB 2202 as criteria. 

(Fifth Embodiment) 

Fig. 24 shows a constitution of a car navigation system as an information 
acquisition system according to the fifth embodiment of the present invention. Detailed 
25 description is omitted about elements operating in the same manner as the operation of 
those in the aforementioned embodiments among the elements to which the reference 
numerals common to those in FIG. 1 are assigned in FIG. 24. 
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Reference numeral 2401 denotes a pseudo-transition state information generation 
section that generates, upon determination of the predicted destination by the prediction 
section 108, pseudo-transition state information after a travel from the current transition 
state information and the predicted resuh, likewise the first embodiment, under a 
5 hypothesis that the user would have traveled as predicted. Reference numeral 2402 
denotes a pseudo-condition determination section that determines a pseudo-condition for 
retrieval from the pseudo-transition state information generated by the pseudo-transition 
state information generation section 2401, likewise the first embodiment. 

Of the two types of operation described in the first embodiment with reference to 
1 0 the category hierarchy of FIG. 29, information relating to the state at departure from the 
predicted travel destination (day of the week, time, weather, and the like) is necessary for 
allowing the pseudo-condition determmation section 2402 to perform the former operation. 
Alternatively, when the pseudo-condition determination section 2402 performs the latter 
operation, such state information is unnecessary in the pseudo-condition determination 
1 5 2402 but is necessary in the prediction section 108. 

The following method is considered as the method of acquiring the above 
information. Retrieval on the history accumulation DB 104 can lead to calculation of an 
average of time periods (hereinafter referred to as stopover periods) spent until the 
automobile departs from a predicted travel destination (target destination) in the case 
20 where the automobile arrives at the target destination from the current position. If the 
average stopover period is factored in the estimated arrival time at which the automobile 
arrives at the predicted travel destination, states about the day of the week, time, and the 
like at departure from the predicted travel destination can be acquired. 

When variance m the stopover periods is large in calculating an average stopover 
25 period by retrieval on the history accumulation DB 104, the reliability of the average value 
is lowered. In this case, the stopover periods are divided into several small groups of 
variance, respective average values of the groups are calculated as stopover period 
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candidates, and then, pseudo-condition determination or prediction is performed on all the 
candidates. 

It is noted that in the case where the state of departure from the predicted target 
destination is alienated from the state information acquired in advance, the usual prediction 
processing as described in the first embodiment is performed afresh. 

Usually, it takes time to complete the processing in the transition state information 
generation section 106 and the condition determination section 107. For this reason, it 
takes too much time to present information if the series of processing in which: the current 
position is detected; the travel history is updated; the latest transition state information is 
generated; and an optimum condition for retrieval is determined is performed at start of the 
automobile engine, for example. In short, it is difficult to present information relating to 
a predicted target destination immediately after the user starts the engine. 

In this connection, when user's travel destination or travel route is predicted in the 
middle of a certain travel, the foUov^ng processing is performed in advance before the user 
initiates behavior for departing from the predicted travel destination (e.g., starting engine, 
opening automobile doors, and the like). 

Namely, pseudo-transition state information at engine start for a next travel, in 
detail, at engine start at the currently predicted target destination, is generated by the 
pseudo-transition state information generation section 2401, and the condition for retrieval 
at that time are determined by the pseudo-condition determination section 2402. This 
enables prediction completion within a short period of time when the engine starts for the 
next travel, with a result that necessary time mformation relating to the predicted target 
destination (a new travel destination or travel route) and other relatmg information can be 

presented to the user quickly. 

The prediction using the pseudo-transition state information and the 
pseudo-condition can be performed not only at engine start but also any timing when 
advanced prediction is desired. 
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I„ addition, as Ae timing of generation of the pseudo-transition state information, 
of determination of the p^udo-condition, or of pre-prediction using them, other timing is 
considered such as timing when a value of the probability .hat .he automobile might travel 
toward a predicted travel destination exceeds a predetermined threshold value. 
5 Further, a constitution v«thou. providing the pseudo-transition state information 

generation section 2410 and the pseudo-condition determination section 2402 can be 
considered as a constitution other titan tirat in FIG. 24. With this con^itution. ti,e latest 
transition state information and a condition for retrieval which are already generated at the 
toe of prediction by the prediction se^on 108 are used rattrer titan flte pseudo-transition 
1 0 state information and the pseudo-condition. 

Referring to the information to be presented and tt,e prediction method, any of 
those described in tite above embodiments is employable. As timing of presentation of 
such information, presentation in an initial screen at power-on of flte car navigation system 
is effective, but information may be presented in a screen appearing after the initial screen. 
15 Moreover, presentation of information on a target destination candidate predicted to be a 
destination in a next travel and on tite necessary time require! for arriving tirerea, and 
traffic information on tire route, which serve as indexes of next departure time for arrrvmg 
at ti,e target destination in time, is greatiy effective for users. In tins connection, a target 
destination candidate, estimated arrival time, and traffic information on tite assumption that 
20 tite automobile starts at as-estimated departure time calculated by tire above described 
metirod may be displayed, for example. Furtirer. if infomtation relating to an average 
stopover period at a node can be acquired, it is possible to display a target destination 
candidate, estimated arrival time, and tiaffic information in every departi^e time when 
each 30.minute or one-hour interval elapses since ti,e average stopover period as a 

25 reference elapses. 

Travel end can be detected by detecting a state such as a state where tire 
automobile does not move for a long time a. a targe, destination, a state where tite gear is 
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shifted into paiking, a state where the emergency brake is yanked, and the like. 
(Sixth Embodiment) 

FIG. 25 shows a constitution of a car navigation system as an information 
5 acquisition system according to the sixth embodiment of the present invention. Detailed 
descripdon is omitted about elements operating in the same manner as the operation of 
those in each of the above embodiments among the elements to which the reference 
numerals common to those in FIG. 8 are assigned in FIG. 25. 

In FIG. 25, the i„formation-to-be-presented determination section 110 receives the 
10 result of prediction by the prediction section 108, and determines information relating to 
fl,e predicted ttavel destination and the like among the information accumulated in the 
received infonnation DB 802 as mformation to be presented, Ukewise the above d^cribed 
embodnnents. In the present embodiment, a cognitive load of a user to whom the 
infonnation is presented is taken in account ftrrther in determining the information to be 
1 5 presented. 

Reference numeral 2501 denotes a first information presentation section that 
performs information presentation to a user carrying a high cognitive load, such as a 
driver- 2502 denotes a second information presentation section flrat performs .nformation 
presentation to a user carrying a no.-so-high cognitive load compared with the driver, such 
20 as passengers occupying the front seat and tire rear seat; and 2503 is a speech syntiresis 
section tirat generates data for outputiing via voice tite information to be presented 
determined by the information-to-be-presented determination section 110. The first 
information presentation section 2501 also presents speech mformation synfltesized by tire 
speech syntiresis section 2503, togeflrer with text/image information determined to be 
25 presented by the information-to-be-presented determination section 110. On tire other 
hand, the second infomtation presentation section 2502 presents text/hnage information 
determined to be presented by tire information-to-be-presented determination section 110. 
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Suppo^ that the prediction section 108 predicts "F-Mart" as a travel destination 
and the received information DB 802 accumulates information as indicated in FIG. 26. on 
"F-Mart" 

•nre information-to-be-presented determination section 110 determines respective 
5 information to be presented to the first and second information presentation sections 2501. 
2502 based on the information in HO. 26. in accordance with a given rule. TTie ^ven 
rule may be. for example, "to present index information via voice to a user carrying a high 
cognitive load while presenting it to a user carrying a low cognitive load together with 
detailed topics and an image or video." In accordance with the rule, the 
10 information-to-be-presented determination section UO determines to present speech 
information on "Bargain Information", which is index information in FIG. 26. as an output 
«> Ae firs, information presentation section 2501 and to present image infomration 
including the detailed topics in FIG. 26 and other information as an output to the second 
information presentation section 2502. 
16 FIG. 27(A) and FIG. 27(B) shows examples of information presentation by the 

first information presentation section 2501 and infomiation presentation by flie second 
information premutation section 2502, respectively. Refeaing to the example in FIG. 
27(A). flie detailed topics as illustrated in FIG. 27(B) may be displayed or presented via 
voice when a user requests to acquire detailed topics by speech or by inputting a command 
20 after the index information is notified via voice to flie user. 

As described above, in the present embodiment, information to be presented is 
determined according to tire cognitive load of a person who is browsing certain 
information after acquisition of flte information. For example, media such as detailed 
topics, an image and/or vide are presented to a user carrying a low cognitive load and 
25 capable of bmwsing. while speech information or absti^ct information is provided to a user 
carrying a high cognitive load. This enables information presentation to a user according 
to the degree of user' s cognitive load. 
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It should be noted that the contents of the infonnation to be presented is not limited 
to the above, and information may be presented taking account of user's cognitive load. 

It is possible to provide cognitive load judgment means that judges the degree of a 
cognitive load, for example, instead of plural infomration presentation sections according 
to the degree of user's cognitive load, so that the content of the infomration to be presented 
through a single information presentation section is altered according to the degree of the 
judged cognitive load. For example, the state of the automobile is detected and if it is 
judged that the cognitive load is low when the automobile is in a parking state, detailed 
topics, and image and/or video are pre^ted. While, when it is judged that the cognitive 
load is high when the automobUe is in a running state, information may be presented via 
voice or abstract information may be presented. 

It should be noted that the car navigation system is referred to as equipment for 
providing infonnation to a user in each of the above embodiments, but infomtation 
equipment applicable to the present invention is not limited to the car navigation system. 
For example, infomration terminals carried daUy by users, such as mobUe phones, PDAs 
can realize the aforementioned embodiments only if they are capable of sensing position 
infomration. An automobile boarding a car navigation system is employed as the mobile 
body in each of flie above embodiments, but the present invention can be realized in other 
cases, such as the ease where a human being as a mobile body carrying infomration 
equipment tiavels on foot, by train, and flie like. 

Furflier, the Ulustrated constitutions are provided within tire car navigation system 
fully in the respective embodiments. But ti.e present invention is not limited thereto and 
the infomration equipment carried by a user oriy needs to have at least tire position 
detection section 101 and the information presentation section 111 (or first and second 
infomration presentation sections 2501. 2502). All or a part of the other functions may be 
provided in an external server comrected to a network. Specifically, such a con^tution is 
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possible in which position information detected by the position detection section 101 is 
sent to and accumulated in the server; and upon prediction in the server, infonnation 
relating to the predicted place is sent to the car navigation system. Such a constitution is 
especiaUy effective in the case where the infonnation equipment is a mobile phone or a 
5 PDA. 

Moreover, the information acquisition method m the present invention can be 
realized by allowing a computer installed in at least one of information equipment and a 

server to execute a program. 

Furthermore, a VICS (Vehicle Information and Communication System) or a 
1 0 broadcast wave may be utilized for information acquisition, rather than the network. 

The information received in the infonnation receiving section 801 is accumulated 
in the received infonnation DB 802 and information relating to a predicted destination is 
extracted therefrom and is presented to a user m each of the embodiments. Besides, the 
following constitution can be considered. Namely, an infonnation sending section for 
1 5 sending infonnation to a network is p^vided so that: the infonnation sending section sends, 
upon prediction of a travel destination by the prediction section 108, infonnation indicating 
.he predicted place to the server; the server extracts infonnation relating to flte predicted 
place ftom the accumulated infonnation and sends it to tire car navigation system; and flte 
infonnation receiving section 801 presents the received infonnation. Wifl, tins 
20 constitirtion. only necessary infonnation is sent and received via the network, which is 
effective in tire case where there is time ftom prediction to infonnation presentation. 
Further, another constitution is possible in which infonnation on a wide range including 
tire cunem position and a predicted travel destination is acquired in advance and 
accumulated in tire received infonnation DB 802. and necessary infonnation is extracted 
25 and presented upon detennination of flie predicted tiavel destination. 

In each of tire embodiments, the transition state infonnation generation section 106 
generates transition state infom,ation from a travel history, and tire condition detennination 
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107 and the prediction section 108 operate using the thus generated transition state 
information. However, a constitution without providing the transition state information 
generation section 106 can be thought. In this case, the condition determination section 
107 and the prediction section 108 perform determination of a condition for retrieval and 
prediction of a travel destination, respectively, directly from the information on the travel 

history as indicated in FIG. 3. 

In each of the embodiments, various timing can be considered as respective timing 
of operating the threshold value calculation section 105, the transition smte infom,ation 
generation section 106. the condition determination section 107, and the prediction section 
108. For example, all flie elements may operate every time when passing flnrough a node. 
Or. they may operate at timmg of: start of a travel in time T; end of a tiravel in time T-1; 
completion of prediction of a starting point of the travel in the time T in the middle of tire 
travel in the time T-1. as mentioned m the frfth embodiment; and the like. Altematively. 
i, i. possible fl«t: the threshold value calculation section 105 and the transition state 
information generation section 106 operate upon end of the travel in tire time T-1 to 
generate transition state information in advance; the condition determination section 107 
and the prediction section 108 operate at travel start a. time T or every time when nraveling 
through a node to perform determination of a condition for retrieval and route prediction 
based on the generated transition state infonnation. Furthemrore. it is possible that: tire 
elements up to tire condition detemrination 107 operate at travel end at time T-1 to 
detemrine transition state infonnation and a condition for retrieval; and only the prediction 
section 108 operates at travel start at time T or every time when ti:aveling flrrough a node. 
The present invention does not Umit any timing. 

Referring to the timing of infonnation presentation to a user in each of tire 
5 embodiments, tire information may be presented a. t«vel start; at time when ti,e value of a 
prediction probability exceeds a predetemrined ti^old value while prediction is 
perfomred every time when passing tiuough a node starting from ti^vel start; or at time 
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when user indicates intention of information acquisition. No Umit is imposed. 

Each of the embodiments is described referring to a car navigation system as an 
object, and a route from a starting point (position where the engine starts) to an arrival 
point (position where the engine stops) is used as a segment of data of a travel history, but 

5 the present invention is not limited thereto. For example, various segments are 
considered in mobile terminals such as mobile phones, PDAs, and the like, such as a 
segment from power-on to power-off, a segment from departure from home to return to 
home, a segment of the same date, a segment from a place registered as a landmark to a 
place registered as a landmark, and the like. 

1 0 In each of the embodiments, the transition state information not necessarily needs 

to reflect all past histories as in FIG. 5, and only needs to indicate the transition state 
thereafter (route and destination thereafter), the frequency thereof, and the like, among the 
past histories that include at least the current route information. For example, when the 
current route is "L6 to C9," the transition state information is composed of a partial tree 

15 structure including at least this route in the free sfructure shown in FIG. 5. In addition, it 

may be expressed by a table or a matrix, instead of such a free sfructure. 



Industrial Applicability 

The present invention is applicable to a technology for performing information 
20 presentation to users with the use of information equipment such as a car navigation 
system, a mobile phone, a PDA, and the like, and attains acquisition of appropriate 
information by highly accurate prediction of user's fravel destination, which is usefiil. 



